The aim of this study was to evaluate the production performance of Nile tilapia post-larvae and fingerlings fed with increasing levels of alcoholic extract of propolis into diets. In Experiment 1, 1800 post-larvae were distributed in 30 tanks, in a completely randomized design with five treatments composed by the inclusion of 0, 1, 2, 3 and 4 g of dry propolis/kg of feed, and six replicates. In experiment 2, 1600 fingerlings were distributed in the same system and designed as experiment 1. No significant effect was observed between treatments, for final weight, total and standard length, survival, and intestinal villus height. However, the propolis extract inclusion of 1 g/kg in Nile tilapia post-larvae and fingerlings' feed resulted in a better body condition factor and higher body protein deposition (p<0.05). The condition factor is an estimate for the future growth of the animals, possibly the fish treated with propolis extract will present better growth, survival and greater reproductive potential rates. The results of the present study demonstrate that alcoholic extract of propolis improves the nutritional condition of Nile tilapia post-larvae and fingerlings, potentially leading to increased productivity in subsequent stages, as well as leading to improvement in fingerlings muscle deposition.
INTRODUCTION
Nile tilapia farming in the early stages is one of the most important steps, as it will define the quality and development of the animal in subsequent phases (Marengoni and Wild 2014) . In the initial stages, occur the greatest disease outbreaks due to the low resistance to possible pathogens because they are not adapted to the normal microbiota present in the environment. In light of the problems with diseases, the use of antibiotics as growth promoters was initiated, providing significant results on the production performance and on the animals' health (gonzales et al. 2012) .
Nonetheless, the uncontrolled use of antibiotics produced strains with resistance genes, reducing the efficacy of the products (Cyrino et al. 2010) , besides causing environmental pollution. From this, the search for alternative growth promoters such as propolis is necessary, furthermore it is a biodegradable product of plant origin, does not promote bacterial resistance and has low acquisition cost (Abdel-Mohsein et al. 2014) .
Propolis is a natural product which contains more than 300 chemical compounds. In general, it contains 50-60% resins and balms, 30-40% waxes, 5-10% essential oils, 5% pollen grains, and microelements such as aluminum, calcium, strontium, iron, copper, manganese and small amounts of vitamins B1, B2, B6, C and e. It is known for its antimicrobial, antioxidant, antiinflammatory, immunomodulatory, hypotensive, healing, anesthetic, anticancer and anticariogenic properties (Ferreira et al. 2017 , Coelho et al. 2010 .
Currently the use of propolis in the diet has demonstrated an efficient bacteriostatic and bactericidal activity as concerns to several genera of bacteria, but little research on fish production performance has been done, considering the animals' responses, related to some of these biological activities (Coelho et al. 2010) .
The appropriate dietary supplementation with propolis improves growth, feed efficiency, immune response and the eel's centesimal composition (Anguilla japonica), suggesting the possibility of using propolis as an additive (Bae et al. 2012) , and may also have positive effects for other fish species, such as the Nile tilapia.
The objective of this study was to evaluate the effects of increasing levels of alcoholic propolis extract inclusion in diets of Nile tilapia postlarvae and fingerlings on the production/growth performance, body composition and intestinal histology.
MATERIALS AND METHODS
ASSAY 1: eFFeCT OF PrOPOLIS eXTrACT ON NILe TILAPIA POST-LArVAe PerFOrMANCe
The experiment was conducted at the Laboratory of Fish Production Systems at Federal University of Paraná in Palotina Sector (Brazil), for 30 days. A total of 1,800 Nile tilapia post-larvae obtained from eggs collected in the mouth, were distributed in a completely randomized design with five treatments and six replicates. The experimental unit was a 60 L aquarium containing 60 larvae. The aquariums were arranged in water recirculation system with central biofilter and in each tank, was installed aeration system with diffusers coupled to a radial compressor. The photoperiod used was a 12-h light-dark cycle. The treatments were composed by the inclusion of the propolis extract in the feed, at concentrations of 0 (Control), 1, 2, 3 and 4 mg of dry propolis/kg of diet.
The propolis used to prepare the extract was obtained from local beekeepers (Western region of Paraná, Brazil). To prepare the extract, 100 g of dry propolis were dissolved in 1L of cereal alcohol, which were stored in a dark place for 30 days. Subsequently, the alcoholic extract was filtered, bottled, and kept refrigerated.
The alcoholic extract of propolis from each treatment (10, 20, 30 and 40 ml/kg of feed) was dissolved in 100 mL of ethyl alcohol (the same as the hormone) and subsequently mixed with each feed. The meals were provided four times a day (9:00 am, 11:30 a.m., 2:00 p.m. and 5:00 p.m.), to apparent satiation.
The experimental feed used were isocaloric, isocalcitic, isophosphoric and isoprotein, with 38% digestible protein and 3,700 kcal/kg of digestible energy (Table I) . For producing the feeds, some ingredients (soybean meal, corn, fish's flour) were milled in hammer crusher with 0.5mm sieve and later mixed. After homogenization, 60 mg of the hormone 17-α-methyltestosterone/kg was added in each diet according to the procedure described by Popma and green (1990) .
The water temperature was checked daily in the morning and afternoon. The other parameters, pH, dissolved oxygen and water conductivity were measured weekly. CONCEA (2018) . All fish of each experimental unit were weighed (analytical balance) and measured individually (digital caliper) to determine the production parameters: final weight, total length, standard length, biomass, survival and body condition factor (Body weight/ body length 3 x 100).
Ten fingerlings from each experimental unit were preserved in formalin for the analysis of sex reversal effectiveness, according to the methodology of Popma and green (1990) . Three other fish were randomly selected from each experimental unit to collect the hepatopancreas and anterior intestine, to determine the hepatosomatic index and for histological evaluation, respectively.
Histological evaluations were performed at the Laboratory of Histopathology at UFPr, Palotina Sector. Three fragments from middle intestine (from three fish) were used for experimental unit. The biological material was fixed in buffered formaldehyde and later preserved in 70% alcohol. They were then dehydrated in an ascending series of 70% to 100% alcohol, later diaphanized in xylol for 30 minutes, and included in paraffin, to obtain semiseriate histological sections. The microtomy was performed in order to obtain histological sections of 7 μm. The histological sections were stained with the hematoxylin-eosin (He) method. The photodocumentation was performed in the photomicroscope Olympus BX50, in 10X objective lens, using a computerized image system (Image Pro Plus -Version 5.2-Media Cybernetics).
For the statistical analyses were tested the assumptions by performing the normality of the data, using the Shapiro-Wilk, and the homoscedasticity test (equality of variance) using the Levenne test. The results of productive performance, sex reversal effectiveness, and intestinal histology were submitted to analysis of variance and regression 1.50 1 Minimum levels per kilogram of product: Vit. A, 500,000 UI; Vit. D3, 200,000 UI; Vit. e, 5,000 mg; Vit. K3, 1,000 mg; Vit. B1, 1,500 mg; Vit. B2, 1,500 mg; Vit. B6, 1,500 mg; Vit. B12, 4,000 mg; Folic acid, 500 mg; Pantotenato Ca, 4,000 mg; Vit. C, 15,000 mg; Biotin, 50 mg; Inositol, 10,000; Nicotinamide, 7,000; Coline, 40,000 mg; Co, 10 mg; Cu, 500 mg; Fe, 5,000mg; I, 50 mg; Mn, 1,500 mg; Se, 10 mg; Zn, 5,000 mg. 2 Nutrition requirements based on NrC (2011) and Hayashi et al. (2002) . 3 According to Pezzato et al. (2002) . (2019) 91(2) e20180297 4 | 12 analysis using the software STATISTICA 7.0 (StatSoft. Inc. 2004).
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ASSAY 2: eFFeCT OF PrOPOLIS eXTrACT ON NILe TILAPIA FINgerLINgS PerFOrMANCe
The second experiment was conducted at the Laboratory of Production Systems of Fish of the Federal University of Paraná at Palotina Sector (Brazil) for a period of 45 days. Six hundred Nile tilapia fingerlings were used (Oreochromis niloticus), about 45 days old and weighing 1 ± 0.05 g. The fish were distributed in 30 plastic aquariums in a recirculating aquaculture system, in a completely randomized design with five treatments (inclusion of propolis extract: 0, 1, 2, 3 and 4 g of dry propolis per kg of feed) and six replicates. Tanks had constant aeration by microporous stones attached to an air compressor. Daily siphoning was performed in the morning (7:00 am) and in the afternoon (4:30 pm) to remove feces and eventual feedings, removing about 20% of the water in the first week and 40% by the end of the experimental period. The internal cleaning of the aquariums walls was carried out weekly. A 12-h light/dark cycle was adopted.
The alcoholic extract of propolis preparation have already been described in the previous item of the material and methods.
To manufacture the experimental feed the formulation ingredients (Table II) were milled (0.5 mm) and then mixed. To add the alcoholic extract of propolis in each treatment, it was dissolved in 100 mL of distilled water and later mixed with each feed, and this was pelleted in the granulometry appropriate to the size of the fingerlings. Three feedings per day (8h00, 12h00 and 17h00) were carried out at a level of 8% of the live weight, with weekly re-adjustment of the amount of feed supplied.
Dissolved oxygen and water temperature were measured daily, while pH, total ammonia, and nitrite were measured weekly. Dissolved oxygen was measured with a portable dissolved oxygen meter (Alfakit AT-160®) and pH with a benchtop pH meter (Kasvi AI 03449®). Total ammonia was determined by the colorimetric method of indophenol and nitrite was determinate by the colorimetric method of the griess reaction (APHA 2005) . The absorbance readings were performed in a spectrophotometer Belphotonics SP2000UV ® . In this assay 2, the water temperature was maintained at 26.8 ± 1.1°C; pH was 7.5 ± 0.2; dissolved oxygen in the water was 5.3 ± 2.0 mg/L; and the Vit. D3, 200,000 UI; Vit. e, 5.000 mg; Vit. K3, 1,000 mg; Vit. B1, 1,500 mg; Vit. B2, 1,500 mg; Vit. B6, 1,500 mg; Vit. B12, 4,000 mg; Folic acid, 500 mg; Pantotenate Ca, 4,000 mg; Vit. C, 15.000 mg; Biotin, 50 mg; Inositol, 10,000; Nicotinamide, 7,000; Coline, 40.000 mg; Co, 10mg; Cu, 500 mg; Fe, 5,000mg; I, 50 mg; Mn, 1,500 mg; Se, 10 mg; Zn, 5,000 mg. 2 Nutrition requirements based on NrC (2011) and Hayashi et al. (2002) . 3 According to Pezzato et al. (2002). total ammonia concentration amounted to 0.04 ± 0.02 mg/L and the nitrite to 0.05 ± 0.10 mg/L.
At the end of the experimental period, fish were euthanized in a solution of water and clove oil (Simões et al. 2010 ), according to CONCeA (2018) , in concentrations of 100 mg/L (approved by the Animal ethics Committee -Protocol nº 06/2015, of the Federal University of Paraná). All fingerlings of each experimental unit were weighed (analytical balance) and measured (digital caliper) individually to determine the production performance parameters: total weight, total length, standard length and condition factor. Three fish were randomly selected from each experimental unit to collect the hepatopancreas and intestine, to determine the hepatosomatic index and for histological evaluation, respectively.
Histological evaluations were performed at the Laboratory of Histopathology at UFPr, Palotina Sector and have already been described in the previous item of the material and methods.
The other fingerlings were stored in plastic bags and kept frozen in a freezer for further analysis of whole body chemical composition (moisture, crude protein, ether extract and mineral matter) according to the methodologies described by AOAC (1995) .
For the statistical analyses were tested the assumptions by performing the normality of the data, using the Shapiro-Wilk, and the homoscedasticity test (equality of variance) using the Levenne test. The data obtained from production performance, body chemical composition and intestinal histology were submitted to analysis of variance and regression analysis. All statistical analyzes were carried out using the software STATISTICA 7.0 (StatSoft. Inc. 2004).
RESULTS

ASSAY 1: eFFeCT OF PrOPOLIS eXTrACT ON NILe TILAPIA POST-LArVAe PerFOrMANCe
In this assay, there were no differences (p>0.05) on the production performance parameters, namely final weight, total length, standard length, sex reversal effectiveness, biomass and survival of Nile tilapia during sex reversal stage fed with increasing levels of propolis extract (Table III) . Futhermore, no effect (p>0.05) of increasing levels of alcoholic extract of propolis in diets of Nile tilapia post-larvae on intestinal villus height was observed (Table III) .
On the other hand, concerning to the body condition factor, the propolis extract resulted in improvement (p<0.05) and a quadratic effect (p<0.05) was observed for Nile tilapia fingerlings (Figure 1 ) with a maximum point of 2.6 g/kg of feed, which may indicate a certain action of growth promoter, or even improved fish nutritional condition from alcoholic extract of propolis. For the Nile tilapia fingerlings was also not observed significant effect (p>0.05) of increasing levels of alcoholic extract of propolis in diets on the parameters of production performance: final weight, total length, standard length, and hepatosomatic index (Table IV) . At the same time, the propolis extract in diet resulted in higher values for condition factor (p<0.05) and caused a quadratic effect (p<0.05) on the body condition factor for the Nile tilapia fingerlings (Figure 2) , with a maximum point of 2.4 g/kg of feed.
The intestinal villi height of Nile tilapia fingerlings did not change (p>0.05) with the supplementation of increasing levels of alcoholic extract of propolis in the diet. The whole-body ether extract, moisture and mineral matter (Table V) of Nile tilapia fingerlings submitted to diets containing increasing levels of propolis extract did not present significant differences between the treatments (p>0.05). Meanwhile, alcoholic extract of propolis inclusion provided an increase (p<0.05) in body protein content (Table V) , having the highest value (maximum) in 2.7 g of dry propolis/kg. (2019) 91(2) e20180297 6 | 12 performance was observed with the addition of brown propolis extract to their diet (Meurer et al. 2009 ). For rainbow trout, a higher growth rate was also obtained when alcohol propolis extract was added to its diet (Deng et al. 2011 
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DISCUSSION
The results show that alcoholic extract of propolis improved the condition factor of Nile tilapia postlarvae and fingerlings, although it had no effect on other production performance parameters. For common carp fingerlings (Cyprinus carpio) (Uczay et al. 2011) , and Nile tilapia fingerlings (Santos et al. 2013 ) the alcoholic extract of propolis and residue from the processing of red propolis in diets, respectively, had no effect on any production performance parameter. However, for Nile tilapia fingerlings an improvement in productive composition variation, which is dependent on the resin collection period, the present flora ecological diversity, seasonality, and even the bees' genetic variability (Lustosa et al. 2008) . The data of the present study corroborate with those obtained by Uczay et al. (2014) , who verified that the inclusion of 2 g of dry propolis/kg of the diet, as propolis extract, for South American catfish (Rhamdia quelen) provided improvement in the condition factor. Also, Waafa et al. (2014) determined that 5g of propolis extract resulted in improvement in the condition factor for Nile tilapia fingerlings. These results demonstrate the functional effects of propolis, since there was improvement of the condition factor that is widely used in fish biology as an indicator of good nutritional condition and fish health (Waafa et al. 2014 , Vazzoler 1996 . The condition factor is used to evaluate the different feeding conditions among the fish species, as well as the interference of population density, climate and other environmental conditions, and can provide a possible relation of the body condition and/or physiological state with the environment in that fish lives.
According to gomiero and Braga (2003), the weight-length relationship can be used as a quantitative indicator of the welfare conditions of fish species in the environment, which is known as a condition factor. And although the present study did not evaluate fish welfare, the improvement in the condition factor, which by concept is an indicator of well-being, may indicate that fish treated with propolis are in better conditions, including, potentially, better welfare conditions than those not treated, but it is necessary to carry out specific welfare evaluation to confirm this concept in practice. The condition factor is further understood as an indicator of the energetic reserves of the tissues, and as follows, there is the expectation that a fish with a better condition factor, presents higher growth rates, as well as a greater reproductive and survival potential when compared to an animal in condition factor relatively worse (Pope and Kruse 2001) . An improvement in the body condition factor indicates that the fish treated with propolis extract may present better growth rates, survival, and higher reproductive potential, compared to untreated fish (Cho 2011) .
The improvement in the condition factor of the Nile tilapias fed with propolis extract may have been an effect of the properties already confirmed of propolis for other species of fish, such antimicrobial, immunomodulatory and antioxidant (Soltani et al. 2017 , Deng et al. 2011 , Talas and gulhan 2009 ). And, furthermore, De La CruzCervantes et al. (2018 stated that even at low doses propolis extract improves resistance to disease, and improving the health of some species of fish, in this way can be considered a functional natural additive.
In this study, no significant differences (p>0.05) were observed in the effectiveness of sex reversal, particularly the alcoholic extract of propolis inclusion in the diet did not influence the hormone effectiveness. The success in the period of sex reversion depends exclusively on the animal's access to the masculinizing hormone, so the ideal would be the increase in the frequency of feeding, as it promotes a constant supply of hormone in the blood, causing this hormone to remain in the blood stream for longer (Meurer et al. 2012) .
Post-larvae survival in this experiment was relatively low, although it was not influenced by the treatments. In this life stage several factors can influence, such as egg yolk quality, breeding nutritional status, storage density and manipulation for performance evaluation (Calado et al. 2008) .
The morphological analysis of intestinal villi from the middle portion of the Nile tilapia postlarvae and fingerlings intestine presented normal organization of the intestinal tunics composed by the mucosa, the submucosa, the muscular and the serous layers (Figures 3 and 4) , regardless of the inclusion level of the propolis extract. The mucosa layer presented simple columnar epithelium with normal goblet cells, the villi presented a leaf-shaped aspect and irregularities concerning its height, and the presence of intestinal crypts was not observed.
The characteristics morphological analysis of intestinal villi for Nile tilapia post-larvae and fingerlings fed with increasing levels of the propolis extract were normal for teleost fish in general (Takashima 1995) and also for the tilapias (gargiulo et al. 1998). Oetting et al. (2006) suggested that plant extracts can improve the digestion of treated animals by stimulating the enzymatic activity of nitrogen absorption by changes in the intestinal epithelium histology. For terrestrial species, it has already been confirmed that the propolis extract has a positive effect on the immune system stimulating the lymphatic tissue in the digestive system and changing the intestinal microbiology, thus improving the intestinal health, digestion and absorption of the animals (Taheri et al. 2005 , Denli et al. 2005 . Meantime, our study did not confirm this hypothesis, since the alcoholic extract of propolis supply in diets to Nile tilapia postlarvae and fingerlings did not cause changes in the intestinal epithelium histology (Figures 3 and 4) .
Although the only change in the body composition of Nile tilapia fingerlings fed with alcoholic extract of propolis has been the increase of crude protein levels, this is a great indicator of the productive improvement of these fish. Propolis supplementation also caused an increase of the crude protein body to Nile tilapia fingerlings fed with 5g/kg of propolis extract in the feed (Waafa et al. 2014) and to juvenile eel fed with levels of 2.5 and 10 g of dry propolis/kg in the diet (Bae et al. 2012) . Nonetheless, these authors also verified an increase in moisture and mineral matter and lipid reduction with increasing levels of propolis (5g/kg or up to 40 g/kg, respectively), which could not be observed in the present study (Waafa et al. 2014 , Bae et al. 2012 .
There was a great difference in the levels of propolis supplementation between the present study and those aforementionated, but in all cases an improvement in fish body composition could be observed. Meanwhile, this effect was not observed to juvenile rainbow trout (Oncorhynchus mykiss), for which alcoholic extract of propolis supplementation up to 4 g/kg did not influence the body composition (Deng et al. 2011 ).
De La Cruz-Cervantes et al. (2018) mention that propolis extract leads to feed assimilation in fish. Bae et al. (2012) also suggested that some compounds present in propolis, such as flavonoids and phenolics, can improve the absorption and nutrients metabolism in fish. However, these active compounds have not been identified in the present study and should be the focus of future research for Nile tilapia.
The mechanism of propolis biological action is attributed to the interaction of its constituents (more than 300), among which flavonoids have been shown to be the major compounds and with the most important biological activity (Ferreira et al. 2017 , Bankova et al. 1998 . Nonetheless, the bioactive components present in the propolis are variable according to the collection site, seasonality, and method of preparation (Schnitzler et al. 2010 , Silva et al. 2006 .
The improvement in the condition factor, that is, in the fingerlings physiological state, may have influenced the greater deposition of body protein, since they assimilate the nutrients better. The increase in the animals' body protein represents a better quality of the fish and can lead to better productivity for fish farmers.
CONCLUSION
The alcoholic extract propolis inclusion from 1 g/kg in the diet for post-larvae and fingerlings Nile tilapia, respectively, resulted in a better body condition factor and greater body protein deposition. The improvement in the body condition factor indicates that the propolis extract promotes better nutritional condition to the Nile tilapias in the early stages, which could potentially lead to better rates of growth and productivity, survival and reproduction in subsequent phases.
